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Obj&&es. TQ determine whether right ventricuiar preservation 
is compromised omit subgroup 0 
syndrome, we a coronary artery 
dial histologic features of 151 postmortem 
ps left bent% syndrome. 
round. Although previous studies have shown that core- 
nary artery abno~~ities are more prominent in the subgroup of 
is who have a patent mitral valve am 
it has not been shed that these abnormalities com- 
promise right ventricn fusion. 
/tfe&~& Eighty-nine specimens with a patent mitral valve and 
aortic atresia, 52 with mitral and aortic atresia and 10 with patent 
mitral and aortic valves were examined. Histologic sections of the 
right ventricle, left ventricle and coronary arteries were obtained 
from 64 study hearts and 5 control hearts. 
Results. Gross coronary anomalies included coronary-camera! 
communications (n = LB), single left coronary artery (n = 2), 
Hypoplastic left heart syndrome, if untreated, is a uniformly 
fatal heart disease. This malformation, the fourth most 
common encountered in the New England Regional Infant 
Cardiac Program, accounted for 7.5% of the infants with 
congenital heart disease and 25% of the cardiac deaths in the 
1st week of life (1). Current treatment cptions are recon- 
structive surgery or cardiac transplantation. Reconstructive 
surgery for such patients has evolved over the past decade 
such that the outlook has improved ramatically. This ap- 
proach depends on the native right ventricle functioning as 
the systemic ventricle. Adequate rqronary perfusion of the 
right ventricle is therefore an important determinant of 
survival. 
It has been suggested that, in the subgroup of patients 
with hypoplastic left heart syndrome who have a patent 
mitral valve and an obstructed aortic valve, the coronary 
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burned diameter was not 
of coronary artery ste 
Although end~ardia~ 
arteries are sufficiently abnormal that right ventricular per- 
fusion and function may be compromised after surgery (2). 
The concern about this subgroup of patients arose because 
of the comparable situation in hypoplastic right heart syn- 
drome. Specifically, those patients with a patent ricuspid 
valve and an atretic pulmonary valv.: frequently demoudrate 
ventriculocoronary terial connections and associated cor- 
onary artery abnormalities, including stenosis or interrup- 
tion of the involved coronary artery. The pathogenesis of 
these lesions is based on high intracavitary pressure produc- 
ing turbulent; retrograde systoiic flow into the coronary 
arteries with subsequent i jury to the intima (3). Both right 
and left coronary arteries can be involved. The resultant 
intimal hyperplasia of the coronary arteries, when occlusive, 
may compromise coronary blood flow and thus myocardial 
perfusion. The myocardium ay be likewise in jeopardy if
similar lesions GCCW in the subgroup of patients with hy- 
poplastic left heart syndrome who have ahypertensive left 
ventricle. 
Although previous tudies in patients with hypcplastic 
left heart syndrome have demonstrated thatcoronary artery 
abnormalities appear to be more prominent inthose patients 
who have a patent inflow and obstructed out
it has not been established that these abnormalities compro- 
mise right ventricular perfusion. 
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ventricular perfusion. 
great arteries. Specimens with a ventricular septal defect in 
the subgroup with mitral bypoplasia and aortic atresia were 
excluded because these hearts would no longer have the 
hypertensive l ft ventricle believed to be associated with 
y anomalies. The only other hearts excluded were 
maged uring or after fixation. Patient age at death, 
cause of death and cardiac surgical procedures, if any, were 
determined retrospectively from the dica! records. All 
hearts were fixed i;m formalin. The spe ens collected after 
1977 were also inflated by instilling a~orma~debyde-a~cobo~ 
mixture at  pressure of 35 cm water. In 35 specimens, the 
coronary arteries were injected with a radiopaque, colored 
material, made from barium and gelatin mixed with red or 
blue dye, to allow better visualization f the coronary artery 
tree. 
edian patient age at death was 9 days (range 1 day 
to 42 months); 13 patients were >1 year old at tbe time of 
death. Death was classified as hemodynamic death in 134 
patients (in 77 without operation 0: before opeeation, in 53 
during or early after operation and in 4 kak Lb.10 days] after 
operation), sudden death in 3 patients and noncardlac death 
due to respiratory, infectious or other noncardiac conditions 
in 14 patients. Seventy-four patients u derwent 89 surgical 
procedures, including 66 stage I Norwood procedures, 12 
modified Fontan procedures and 11 other operations. 
Gross exami~a~io~~ Eachheart specimen was examined 
in detail to determine 1) the primary anatomic subtype of 
hypoplastic left heart syndrome based on mitral and aortic 
valve anatomy, 2) the presence of additional natomic le- 
sions, and 3) the gross coronary artery anatomy. There were 
89 patients in the group with mitral hypoplasia and ortic 
atresia or severe stenosis, 52 in the group with mitral atresia 
and aortic atresia or stenosis and 10in the group with mitral 
were examined 
the coronary arteries 
to %ook for narrowing or obliteration of the 
or visualized in serial histologic sections. 
. Linear measurements to the near- 
were performed on aDI specimens. The 
istance from the left anterior ding cor_oiWy artery 
posterior dcsce~di~g coronary artery al tke atrio- 
ocular (AV) groove was measured as an estimate of 
one half of the left ventricular circu ference. The total 
heart circumference was measured around the AV groove. 
As an estimate of left ventricular long-axis dimension, the 
vertical distance from the left AV groove lo the coronary 
apex was measured perpendicular ho the AV groove. The 
total ventricular circumference was thee 0k~~-ed from the 
left AV groove to the right AV groove across tbe apex of the 
heart. 
The wall thickness ol’ each ventricle was measure 
nearest mm byinserting a straight pin perpendicular o the 
ce until it was just palpable at the endocard 
ht ventricular wall thickness was measur 
immediately adjacent to the papillary muscle of the right 
ventricle. Left ventricular wall thickness was measured 
immediately below the mitral valve anulus. 
eas ents. 
sections from five hearts with hypoplastic left 
heart syndrome, including nine sections from the right 
ventricle, four from the left ventricle, eight from the 
coronary artery, five from the left coronary artery an 
from the posterior descending coronary artery. Be 
these results were relatively uniform within each specimen, 
we obtained selected sections from 54 additional hearts with 
hypoplastic left heart syndrome and from 5 control hearts as 
foliows: two sections from the right ventricle, VI:. section 
from the right ventricular papillary mus;le. one: from the left 
ventricle, two sections from the right a;oronary a.-tery and 
one sect;Jn each from the left anterior descending, circum- 
ex anr posterior descending coronary arteries. f all 59 
hearts I ith hypoplastic left heart syndrome sectioned, there 
were ;.5 with mitral hypoplasia and aortic atresia, 14 with 
ml ;a1 dnd aortic atresia nd 10 with patent mitral and a&c 
vaives. These groups were comparable with respect o 
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patient age at death, cause of death and operative status. 
When necessary, additional sections were obtained in those 
hearts with coronary-camera1 connections to ascertain 
whether the connection was a direct ventriculocoronary 
arterial communication r a sinusoidal pattern. 
The histologic findings on each section were evaluated by 
one of us (MEG.) without knowledge of the clinical and 
gross anatomic data. All histologic abnormalities were re- 
corded. Wall thickness dnd lumen diameter of each coronary 
artery were measured on each of the histologic $necimens to 
the nearest 0.1 mm by using an eyepiece micrometer. In
sections where the coronary artery was flattened, the diam- 
eter was estimated by assuming that the structure was 
elliptic and the circumference u hanged. 
Patient characteristics. ere was no significant ditfer- 
ence among the anatomic subtypes of hypoplastic left heart 
syndrome with respect to patient age at death. The median 
age at death was 10 days in the group with mitral hypoplasia 
and aortic atresia, 7 days in the group with mitral and aortic 
atresia nd 4 days in the group with patent mitral and aortic 
valves (p = 0.19 by analysis of variance). Additionally, in
each subgroup an equal number of specimens were from 
patients >I year of age at death. Similarly, the cause of 
death was not significantly different among the subtypes Ip= 
0.56 by contingency table analysis). Particularly notable is 
that here was no increased incidence cc late hemodynamic 
or sudden death in the subgroup with a patent mitral valve 
and obstructed aortic valve. The subgroups were compara- 
ble in frequency ofsurgical intervention. 
Coronary artery anatomy. Evaluation of the gross coro- 
nary anatomy revealea coronary-camera1 fistulas in 29 
hearts, 27 in the group with mitral hypoplasia and aortic 
atresia nd 2 in the group with mitral and aortic atresia (Fig. 
I). These connections occurred exclusively between the 
coronary arteries and the left ventricle. X-ray or fluoro- 
scopic examination f the specimens with dye injection in 
this group demonstrated, in most of the hearts, a blush of 
dye within the left ventricular myocardium and occasionally 
within the ventricular cavity, suggestive of multiple small 
connections. Only two specimens appeared, by fluoroscopic 
examination, to have relatively larger connections into the 
ventricular lumen. These coronary-catneral communications 
were the only congenital malformations of the coronary 
arteries discovered and were significantly associated with 
the hearts with mitral hypoplasia and aortic atresia (p < 0.01 
tions in coronary anatomy were also noted, 
artery (n = 2), single right 
(n = 1) and tortuosity of the epicardial 
19). of these, tortuosity alone was 
Y associated with the group with mitral hypopla- 
sia and aortic atresia (p = 0.014 by contingency table 
Figure 1. Photograph of the cavity of the hypoplastic left ventricle. 
Multiple abnormal orifices of coronary-camera1 connections are 
visualized. 
analysis); 17 of these tortuous coronary vessels were discov- 
ered in specimens from this group and the other 2 in 
specimens with mitral and aortic atresia (Pig. 2). The tortu- 
osity predominantly involved the left coronary a 
most often occurred solely at the apex. Despite th  tortuos- 
ity, these coronary arteries appeared grossly normal in 
caliber in all cases (Fig. 3). 
The coronary system w;ai left dominant in87% and right 
dominant in 13% of specimens. Left dominance was signif- 
icantly more common in the group with mitral and aortic 
atresia (present in 80% of specimens vs. 60% in the group 
with patent mitral and aortic valves and 45% in the group 
with mitral hypoplasia nd aortic atresia; p < 0.01 by 
contingency table analysis). 
Figure 2. Bar graph of percent of specimens in each anatomic 
subgroup found to bave abnormalities or variations of coronary 
artery anatomy. Both coronary-camera1 fistulas and tortuosity were 
significantly associated with the subgroup with mitral hypoplasia 
and aortic atresia (MN/AA). LCA = left coronary artery; MA/AA = 
mitral and aortic atresia; MH/AH = mitral and aortic hypoplasia; 
RCA = right coronary artery. 
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Figure 3. Photograph of a tortuous left anterior descending coro- 
nary artery. l‘he tortuosity is most pronounced near the apex: the 
caliber of the vessel appears normal. 
ents. Gross linear measuremenls of the 
specimens revealed several di!Yfe%eicci~s among groups. TiiG 
ft ventricular to right ventricular circumference 
aller in the group with mitral and aortic 
atresia than in either the group with mitral hypoplasia and 
aortic atresia or the group with patent mitral and aortic 
valves (p < 0.01 by analysis of variance). The ratio of left 
ventricular to right ventricular wall thickness was signifi- 
cantly greater in the specimens with mitrai hypoplasia and 
aortic atresia than in either of the other two groups (p < 0.01 
by analysis of variance j. There was no significant diflerence 
among the anatomic subgroups regarding the ratio of left 
ventricular to right ventricular long-axis dimension. (Table 
1). 
Among the 
59 specimens with hypoplastic left heart syndrome studied, 
right ventricular histologic findings were normal in 10 and 
abnormal in one UC tke three right ventricular sections in IS. 
in two of the three sections in IS and in all three sections in 
16. These abnormal histologic findings included hemorrhage. 
necrosis, fibrosis, calcification. ischemia and infarction (Fig. 
4). In contrast, all I%\re control hearts had normal right 
eawrements of the Ventricles 
Anatom) LViKV Circumference LV:KV Height l-V&V ‘Thlcknes, 
MWA.4 0.40 + 0. I I * 0.44 t 0.15 I.11 i- o.s3* 
MA/AA 0.30 t KU-i” 0.48 t 0.13 0.61 + 0.25’ 
MEsiAN 0.4i t O.lO* 0.53 + 0.16 0.59 4 0.?7* 
C0iIrrol 0.85 T 0.10 1.07 t 0.17 5.10 t 2.46 
All data are expressed as mean value _+ SD: value? m all groups are 
.;icnificdn!ly different from control values (p < 0.01). “Significant difference 
among the subgroups of hypoplastic left heart syr~drone (p i 0.01 deriy:d b) 
analysis of vnriance). LV = left wzricle: MA/AA = mitral and aortic atresia; 
MN/AA = mitral hypoplasia and aortic atrzsia: MHiAH = mitral and aortic 
hypoplasia: KV = right ventricle. 
ventriculsr histologic features in each of the three right 
ventricular sections. The n ber of control hearts sec- 
tioned, however, was too s II Ior mea~i~gfMl statistical 
analysis. There was no significant difference in any of t 
histologic findings among Ihe anatom subgroups of hy- 
poplastic left heart synd e Fisher exact test 
(Fig. 5). The hislologic the hearts of infants 
who bad died before 1 year of age did not differ significantly 
from those in the beasts of children who bad died at or after 
I year, aitbough there was a trend toward increasing fibrosis 
and increasing calcification in the older ~pekms (Fig. 6). 
Evaluation of thle left venWicular Geologic features of the 
hearts with hypoplastic left cart syndrome revealed that 
only endocardial fibroelastosis \$ 1s significantly associated 
with the group with mitral hypoplasia and aortic atresia ( 
0.01. Fisher exact est). There was no significant di
among groups with respect to fibrosis, iscbemia, calcifica- 
tion, necrosis or infarcC0n (Fig. 4). 
istologic examination of the coronary artery sections 
of stenosis or obliteration of the coror,ary 
easurement of the ratio of the coronary 
artery wall thickness relative to lumen diameter in the right 
coronary artery and left anterior descending, circumflex and 
posterior descending coronary arteries revealed no signifi- 
cant increase in any of the subgroups and no agnificant 
difference from the control hearts (Table 2). Likewise, there 
was no difference between this ratio in tortuous compared 
with no~tort~~~s coronary arteries. 
To better assess the nature of the coronary-car leral 
communications, bhin serial sectioning of the left ventricle, 
from epicardium to endocardium was performed in several 
specimens, including the two specimens that appeared, by 
fluoroscopic examination, to have large connections and two 
bearis that filuoroscopically appeared to have coqrecsions 
through a fine network. Despite the gross im 
four, rn~~ti~~e stagborn-shaped channels were 
the endocardium (Fig. 8). These ne 
by t&i& fibrous tissue, are similar 
ections described by ~~~~~r~be~ger-de 
et al. (5). One of these patienls had a particularly extensive 
matrix of sinusoids consistent with spongy my0ca~di~m. 
Two additional specimens, without coronary artery dye 
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Figure 4. Histologic sections of the right ventricular myocardium demonstrating 
necrosis (Al, fihrtisis (B) and calcifications (Cl. 
injection but with coronary-camera1 connections that ap- 
peared large on gross inspection, were also sectioned. In one 
of these (the specimen shown in Fig. I), a direct ventricuio- 
coronary arterial connection from the epicardial coronary 
artery to the ventricular lumen was demonstrated histologi- 
cally. The second specimen again showed a pattern consis- 
tent with sinusoidal connections. 
iscu~~Q 
Coror,~ artery abnormalities in hearts with pulmonary 
atresia and intact ventricular septum have been extensively 
described (3.5-l i 1. These right ven!ricles, which typically 
have a patent inflow and an obstructed outflow tract, 
frequently display ventriculocoronary arterial commurric? 
tions, stenosis or interruption of the coronary arteries, 
absent proximal aortocoronary connections and abnormali- 
ties of coronary origin or distribution (3). Histopathologic 
evaluation of the coronary arterier, particularly those with 
abnormal arterioluminal connections, reveals widespread 
intimal proliferation producinlg lesions that range from mild 
wall thickening to severe stenosis or obliteration of the 
luin,z (51, 
Comparable coronary pathologic findings might be ex- 
pected in the subset of patients with hypoplastic left heart 
syndrome who have a patent miirtii valve and a severely 
JACC Vol. 20, No. 2 
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laoh%miP Nsereeirr Fibrosis Celoiiioation lnraralion 
re 5. Bar graph of the proportion ofspecimens i  each anatomic 
ype de~~nstrati~~ ab orma9ities of right ventricular (RV) his- 
tology. There is no signi cant difference among lhe subtypes. 
vera99, in the hearts with ~y~o~9asti left h art syndrome, right 
ventricular histologic features were no a9 in 90 hearts, ab~Qr~ai in 
one of three right ventricular sections 98 hearts, abnormal intwo 
tions in I5 hearts and abnormal inal9 
AIAA = mitral and 
and aortic atresia; MI 
sia. 
obstructed aortic valve. ~t~i~~~g~y, in most 
ries, hearts with hypoplastic left heart syn 
strate a substantially ower inciden 
coronary process and, rather, have a 
for e~~d~cardial fib~oelastosis (6,8, B
study of 29 autopsy specimens with 
syndrome and 10 cases with hypopl 
drome, Essed and colleagues (6) sugges 
fiiiroelastosis and this so-called coronary ~b~~e9ast~s~s are 
Figure 6. ar graph comparing the right ventricular (RV) h~sto9~g~c 
findings in hearts of patients who died before I year of age with 
those in the hearts of patients who died at or after I year of age. 
There is no statistically significant difference between the groups, 
though there is a trend toward increasing fibrosis and calcification i  
the older patkuts. Among the 48 patients <I year of age, 9 bad 
normal right ven:ticl9ar histologic findings compared with only 1 of 
the i 1 patients 2 I year of age. This 1 patient with normal histtologic 
findings belonged to the subgroup with a patent mitral valve and an 
obstructed aortic valve. Each subgroup is equally represented 
among those with abnormal histologic features. 
r graph of the percent of ents in each anat 
~strating left ventricular 
ties. Only e~docardia9 fibroelastosis was significantly increased in 
the group with mitral by~o~9asia ndaortic atresia. EFE ar- 
dial fibroelastosis; MA/AA = mitral = 
mitral ~~ypo~9asia and aortic atresia; = mitral and aortic 
hypoplasia. 
~t~alIy exchxsive co~d~tio~s~ a 
several earlier studies (K&M). Fu 
syndrome appeared to predispose to ventr~c~ia~ e~doca~d~a~ 
Ebroelastosis, whereas by~o~~ast~c r 
was associated with coronary fibro 
studies, while contesting tbe mutu 
lesions, do concur that t 
relation “sl ch that coronary 
absent or mild when endoca 
ificant differences a 
vary-ca~eral corm 
sinusoids are d~st~ngu~s~~ed from ve~lt~cu~ocoro~a~ arterial 
connections in that hey connect to the epicardial coronary 
arteries through a capillary network rather tha 
The c~~o~a~y arteries SG involved tend to be sp 
cant histopathoIog~c changes. ~itte~berger-de 
(5) suggested that these sinusoids are the predominant 
type of coronary-camera! connection that occurs in hy- 
poplastic left heart syndrome and that they frequently 
coexist with e~docardial bmelastosis. In contrast, hese 
ions occur reelatively i~f~eq~e~t~y * 
. Interestiogly, it is t 
c~~~e~ti~~s that 
is in hypoplastic right 
servation (5.8) G.hat 
rayocard~sr? aad e~~d~~~dia~ ab~ o~~~~a~~t~es 81’ : mo1’e pi’@ 
nounccct in the hearts with sinusoids thao in those with 
ve~t~cuiocoro~a~ arterial ~Q~~ecti~~s. 
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Table 2. Coronary Artery Measurements 
Ratio of Wall Thickness to Lumen Diameter 
Anatomy Proximal RCA Distal RCA LAD LCX PDCA 
MN/AA 0.32 t 0.25 0.15 -+ 0.09 0.15 r 0.10 0.18 2 0.10 0.17 r 0.10 
MA/AA 0.36 + 0.19 0.22 2 0.09 0.22 t 0.17 0.20 + 0.08 0.21 f 0.13 
MH/AH 0.36 + 0.22 0.24 2 0.1 I 0. I7 2 0.08 0.28 2 0.15 0.17 k 0.10 
Control hearts 0.41 c 0.12 0.18 f 0 0.26 k 0.10 0.23 -c 0.06 0.19 + o.c9 - 
There is no signikmt difference between any of the subgroups orthe control values (p values derived by analysis of variance). All data are expressed as r,lean 
value 2 SD. LAD = left anterior descending coroaar\r cli(ery; LCx = left circumflex coronary artery; MA/AA = mitral and aortic atresia; MHIAA = mitral 
hypoplasia and aortic atresia; MHlAH = mitral and ,.ortic hypoplasia; PDCA = posterior descending coronary artery; RCA = tight coronary artery 
revlows u~dies in ~y~p~~tic lefiheart syyndrume. S v- 
eral studies (2,4,15,16) have focused primarily on evaluation 
of the coronary arteries in hypoplastic left heari syndrome. 
O’Connor et al. (4) described nine autopsy specimens with 
hypoplastic left heart syndrome with a patent inflow and 
obstructed outflow tract, all of which demonstrated numer- 
ous microscopic coronary-camera1 connections and thick- 
walled coronary arteries, as well as myofiber disarray, focal 
calcification a d scarring of the left ventricular myocardium. 
Despite thickening of the wall, the lumens of the coronary 
arteries were not narrowed. Lloyd and colleagues (l5), in a 
study of 51 specimens with hypoplas:ic left heart syndrome, 
sought to identify subsets of infants having different degrees 
of myocardial preservation. Sections through the right ven- 
tricular papillary muscle demonstrated extensive myocardial 
necrosis even in infants who died in the 1st day of life. There 
was no correlation between these histologic hanges and 
measurements of the diameter tif the ascending aorta, right 
and left coronary arteries or coronary ostia. Although no 
instance ofductus constriction was noted at autopsy, allow- 
ing the speculation that the necrosis was secondary to 
8. Histologic section f the left ventricular myocardium 
tissue. 
strating a network of sinusoids, lined by thick connective 
coronary disease rather than inadequate systemic blood 
flow, this may not have reflect the clinical status of the 
ductus, because transient chang in ductal patency may not 
be demonstrable in a postmort 
infants had been managed before th availability ofprosta- 
glandin infusion. In s careful histopathologic study, Sauer et 
a!. (2) found tortuosity, fibroelastic thickening ofthe intima 
and fragmentation a d duplication of the internal elastic 
lamina in the coronary arteries of II of 19 postmortem 
specimens with mitral stenosis and aortic atresia, but in only 
I of 9 hearts with mitral atresia. They concluded that the 
subgroup of patients with mitral stenosis and aortic atresia 
seem less well suited for a palliative operation because of 
coronary artery morphology that may impair ight ventricu- 
lar per&ion. 
gs. The current study, whit 
staged reconstructive surgery, addresses both the gross and 
histologic haracteristics of the coronary arteries and the 
myocardial hirtologic features of the right ventricle to ascer- 
tain the functional importance of any coronary artery anom- 
alies. In this pathologic study, we found no difference inthe 
age at death or in the cause of death among the subgroups of
patients with hypoplastic left heart syndrome. Most notably, 
the group with mitral hlpoplasia nd aortic atresia did not 
demonstrate an increased incidence of sudden death or late 
death, events that may be considered attributable tocoro- 
narv insufficiency. These findings corroborate he clinical 
findings of Murdison and colleagues (17). Among 200 pa- 
tients with hypoplastic left heart syndrome who underwent 
initia! reconstructive surgery, these investigators found no 
significant difference in actuarial survival between patients 
with mitral atresia nd aortic atresia nd those with a patent 
mitral valve and aortic atresia. 
Coronary artery fi ingot Gross anomalies of the coro- 
?lery arteries were an infrequent finding in this study, with 
the exception f coronary-camera1 connections to the left 
ventricle, which were present in 30% of the hearts with a 
pa:ent inflow a,cd obP+nn”+(’ U,.JbLJ outfiow tract. Our findings, 
however, corroborate he findings of Gittenberger-de @root 
et al. (5) in that most of these connections appeared tobe the 
JACC Vol. 20, No. 2 
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coronary-camera1 connections are 
poplastic left heart syndrome 
attempt o recruit or de 
ventricle. As this left ventricular chamber will remain hy- 
perter: ive, there will be less propensity fora steal phenom- 
enon 113 occur between the coronary artery branches and 
the lett ventricle in the setting of coronary-camera1 connec- 
tions. The absence of coronary artery interruptions orste- 
noses in our specimens suggests that dependency of the 
coronary circulation on the left ventricle is indeed a rare 
occurrence. Furthermore, because the majority of the coro- 
nary-camera1 connections ap eared to be nf the sinusoidal 
type in our specimens, one might expect a favorable prog- 
nosis as is the case in the subset of patients with sinusoidal 
connections, incontrast to that of patients with ventriculo- 
coronary arterial connections, in hypoplastic right heart 
syndrome (5). 
Eitations. There are several limitations to this study. 
As in any pathologic study, there is a likely bias toward 
overestimation f abnormalities and thus only limited clini- 
cal conclusions may be drawn. Furthermore, despite inclu- 
sion of all of our specimens with hypoplastic left heart 
syndrome from patients older than 1 year of age, the overall 
median patient age at death is only 9 days, therefore ii 
conclusions ane may draw ab long-term outcome. It is 
certainly conceivable that the i ct of any coronary artery 
ab~orrn~l~t~~s may be remonstrance only later as alterations 
in myocardial preservation. 
Although relatively few age-mat&e 3 control hearts were 
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Q~~as~~c left heart sy 
isolated or scattered areas of a al coroaary h~stQl~gic 
sted underlying histQ~~~~c abnQrma~ities i 
the previously publis 
onstrating no dI!ference inshort- or i ediate-term out- 
come between the groups (17) suggest that there is no 
justification at present for disc~minat~ng among manage- 
ment options olely cm the basis of mitral valve or associated 
coronary artery ana ter study is clearly warranted 
to assess the long ct of these coronar, artery 
abnormalities onmyocardial preservation a d clinical out- 
come. 
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